Introduction
Developmental dysplasia of the hip (DDH) is one of the most common causes of disability among children. DDH represents a wide variety of pathologic conditions, ranging from fine acetabular dysplasia to irreducible hip dislocation with proximal femoral displacement. 1, 2 Earlier detection of DDH leads to better prognosis with nonsurgical intervention. However, despite recommendation to examine all for newborns for DDH, it continues to be diagnosed later in life. This leads to delay in the appropriate therapy and results in complications. 3 The old term congenital dysplasia of hip was replaced by developmental dysplasia of hip because many of clinical manifestations of DDH may not be detectable at birth but are recognized at a later age. 4 In this article, we will discuss the epidemiology, clinical manifestations, diagnosis, treatment, and complications of DDH.
Incidence
Incidence of DDH varies between different studies, and this variation could be related to the following:
1. Age at the diagnoses: A study by utilizing ultrasound (US) to diagnose DDH determined the incidence of DDH to be 5.5/1000 in full-term babies within the first 2 days of life, and the incidence dropped to 0.5/1000 after 2 weeks of age. That means most of the newborns who have some evidence of hip instability improve over time without any interventions. 5 2. Criteria for diagnoses: The determination of incidence for DDH also depends on whether the diagnosis of DDH was based on physical examination or on US of the hips. The reported incidence has increased significantly since the advent of clinical and sonographic screening, which suggests possible over diagnosis. 6 
Race: The incidence of DDH is higher among
Canadians and Native Americans and lower in African and Chinese population. These differences may be due to cultural, genetics, and environmental factors. 5, 7 Risk Factors for DDH
Gender
Girls are 8 times more likely to have DDH than boys. 8 The estrogen produced by female fetus makes the ligaments relaxed and this increases the chances for the femoral head to go out of position. 9 In addition, girls are more likely to be born by breech presentation, which by itself is a risk factor for DDH.
Intrauterine Limited Mobility
Breech position (especially frank breech) is a strong risk factor for DDH. 8 It is hypothesized that in breech position the fetus has prolonged knee extension, which adds extra stress on the hip joint, which leads to hip instability. First-born baby is also at increased risk for DDH because of the tight maternal abdominal muscles and stiff uterus of the primigravida mother. Oligohydromnios is also found to be associated with DDH because in oligohydromnios the fetus mobility is limited. 6 
Family History
About a third of the patients who were diagnosed with DDH had family history for DDH. The risk for DDH is 6% with one affected sibling, 12% with one affected parent, and 36% if one of the parents as well as one of the siblings is affected. 10 
Swaddling
The incidence of DDH is increased in populations that use swaddling and cradle boards to sooth their babies. These practices keep the hips in the extended adducted position, which increases the risk for DDH. This also was noticed in Japan where the DDH incidence dropped 
Genetic Factors
Certain susceptible genes such as GDF5, TBX4, ASPN, IL-6, TGF-β1, and PAPPA2 have been identified. 12 
Other Conditions
Cerebral palsy, spinal cord lesions, or nerve and muscle disorders increase the risk for DDH. It is worth mentioning that prematurity or multiple gestations do not increase the risk for DDH. 13, 14 Overall, the main cause for DDH seems to be a mechanical, related to the position in the uterus: hyperflexion with adduction and external rotation of hip, which comprises the dislocating posture. In addition, there is abnormal pressure on the greater trochanter forcing movement of the head upward and backward. This hypothesis supports the natural history of DDH; at birth a hip instability is followed by 2 possible outcomes: either persistent marked subluxation, which become irreducible, or spontaneous stabilization, leading either to complete healing or to residual abnormalities (mild subluxation or dysplasia). 15
Clinical Manifestations
Clinical manifestations for DDH depend on the age of the child. For example, in newborn it just may present with mild limitation of abduction. In a toddler it may present with asymmetric gait, while in adults with hip pain and degenerative arthritis. One should also inquire if the parents noticed any asymmetry between the limbs or any abnormal sounds when changing the diapers (see Figure 1 ).
Physical Examination
The tests performed to detect DDH depend on the age of the child. It is easier to detect frank dislocation of the hip than subtle subluxation or mild dysplasia, which can only be detected by imaging modalities.
La Damany was the first to describe diagnostic test for DDH in1912. 16 Then Ortolani, Italian pediatrician, described the first clinical sign for DDH diagnoses in 1935. 17 The typical dysplastic hip has a ridge in the superior-posterior and inferior aspects of the acetabulum. The ridge, or neo-limbus, as described by Ortolani, is composed of highly cellular hyaline cartilage. The femoral head glides in and out of the acetabulum, producing the palpable sensation known as Ortolani's sign, which is a clunk that is felt more than heard. A clunk is described as feeling of switching on a flashlight.
After that in 1962, Thomas Barlow, a British orthopedic surgeon, described the Barlow test. He observed that sometimes if the dislocated hip was reduced to smooth acetabulum no clunk was felt, and therefore to decrease false negative results, he described the Barlow sign, which is best at identifying a dislocatable hip. 18 There were some confusion whether it was click or clunk. Clicks are thought to be normal high-pitched sounds produced by the snapping of soft tissue structures over bony prominences, which are subtle, found in hip, knee, and shoulder joints. 19 
Techniques for Hip Examination
1. Examination should be performed in a quiet warm room and the examiner's hands should be warm. 2. Remove the diapers, flex the hips, place thumb on the medial side of the thigh above the knee, and the rest of the hand over the greater trochanter laterally. For Barlow try to adduct the hip to midline with gentle posterior force to see if the femoral head is dislocatable. For Ortolani take the hip from the adducted position to full abduction with gentle forward pressure on the fingers over the greater trochanter, trying to reduce the hip; if it is reducible you will feel the clunk as positive Ortolani test. See Figure 2A -C. 3. Each hip should be examined separately, and it is better to repeat the negative exam after 5 to 10 minutes.
Limited Hip Abduction
In babies over 3 months of age, limited hip abduction may be the only physical sign present. In one study the sensitivity and specificity of unilateral limited hip abduction were 69% and 54%, respectively. 19 In this case the baby needs further investigation even if other signs are negative, because the dislocated hip becomes stable in the new dislocated position.
Asymmetric Skin Folds
Extra skin fold on the dislocated side also can be found. However, extra skin fold is also found in 25% of normal babies. Therefore, extra skin fold should be taken into consideration along with other findings.
Geleazzi Sign
Uneven knee heights with both the hips and knees are flexed. 20 
Klisic Test
May be useful in cases of bilateral dislocations. It is done by placing the index finger on the anterior superior iliac spin and the middle finger on the trochanter; in a normal baby the line between these 2 points passes through the umbilicus or above it. 21 In children with DDH the line passes below the umbilicus.
Radiological Evaluation
Ultrasound is very useful for confirming the findings on clinical examination till 4 to 6 months of age. However, it is operator dependent and requires experience in performing the study. For US evaluation of the hip there are 2 methods: a static acetabular image proposed by Graf 22 and a dynamic stress image proposed by Harcke. 23 Graf classified DDH using an alpha angle, which measures the osseous acetabular roof angle, and a beta angle, which defines the position of the echogenic fibrocartilaginous acetabular labrum. 22 By using both these angles, the hip can be classified into 3 types: Barlow and Ortolani maneuver to observe the relationship between the femoral hip and the acetabulum. US performed during the first 4 weeks of life often reveals the presence of minor degrees of instability and acetabular immaturity in a normal hip; however, about 95% of them resolve on follow-up studies. That is why the new recommendation is to perform the US screening after 4 weeks of age.
Radiographs are easy to obtain and inexpensive. However, they are of limited value during first 3 months of life, when the femoral heads are formed mainly of cartilage. With the ossification of the femoral head they become the better option for use in infants 4 to 6 months of age. 23 Radiographs may be performed to assess the hips in children with a clinical diagnosis of DDH, to monitor hip development after treatment, and to assess long-term outcomes. An anteroposterior (AP) radiograph of the pelvis should be obtained with the hips in a neutral position. To visualize all structures in a young child, consideration should be given to take the first radiograph without a shield.
Plain radiographic evaluation of DDH (Figure 3 ) is done by drawing 2 lines on the plain X-ray:
Hilgenreiner's line is a line drawn horizontally
through the superior aspect of both triradiate cartilages. It should be horizontal.
Perkin's line is a line drawn perpendicular to
Hilgenreiner 
DDH Screening
Until the late 1980s, detection of DDH was based on voluntary clinical examinations performed by a pediatrician or an orthopedic specialist at the time when the patient was 3 to 6 months old. problem and female infants delivered in the breech position. The age at which screening is performed also varies greatly. A recent Cochrane review (January 2013) shows that there is inadequate evidence for recommendation for screening. 24 Despite a lack of evidence supporting its value in improving outcomes, universal screening for DDH is a well-appreciated approach to the disorder. However, the approach to screening varies significantly. In addition to physical examination with the provocative tests of Barlow and Ortolani and evaluation of range of motion that emphasizes abduction of the hip, static and dynamic US are used to identify anatomic abnormalities and stability of the hip, respectively. 6 Following are the AAP guidelines for screening (see Figure 1 ). 25 Newborn 1. All newborns are to be screened by physical examination. Trained health care provider should do this screening. US is not recommended as initial examination for all babies, because it is not cost-effective and tends to overdiagnose DDH, which results in overtreatment. 2. If a positive Ortolani or Barlow sign is found during newborn examination, the infant should be referred to orthopedics, but if the physical examination was equivocal then follow-up appointment after 2 weeks with pediatrician should be made.
Two Weeks of Age
1. If the physical examination is positive for Ortolani or Barlow tests, the patient should be referred to orthopedics. 2. If the physical examination was equivocal then either refer to orthopedics or schedule US at 3 to 4 weeks of age. 3. If the physical examination is negative at 2 weeks, follow-up at the routine well baby visits till 1 year of age.
If There Is/Are Risk Factors
Girl. When the results of the newborn examination are negative or equivocally positive, hips should be reevaluated at 2 weeks of age. If negative, continue according to the periodicity schedule; if positive, refer to an orthopedic or for ultrasonography at 3 weeks of age.
Family History of DDH. Boy with negative or equivocal examination, reschedule follow-up at 2 weeks. For a girl, schedule either US at 3 to 4 weeks or radiographs at 4 months of age.
Breech Presentation. Both girls and boys even with negative examination should be evaluated by US at 6 weeks or X-ray after 4 months.
Periodicity. The hips must be examined at every well child visit according to the recommended periodicity schedule for well baby examinations (2-4 days for newborns discharged in less than 48 hours after delivery, by 1 month, 2 months, 4 months, 6 months, 9 months, and 12 months of age).
Treatment
The treatment of DDH has undergone significant evolution, but the current gold standard is still the Pavlik harness. Avascular necrosis remains the most devastating complication of harness use with its incidence (0% to 27%). 26 It is reported to be low after successful reduction of the hip but high if the hip is not concentrically relocated. 
Newborn to 6 Months of Age
When the DDH is diagnosed either by physical examination or by imaging, the current gold standard is still the Pavlik harness. Pavlik harness works the best with success rate of 85% to 95% and should be started as soon as possible to get the best result. The purpose of the harness is to maintain the hip in flexion and abduction position so as to bring the femoral head as close to the acetabular ring as possible. Use of Pavlik harness is difficult in children who are mobile or those with teratological dislocation (those seen in CP or other musculoskeletal problems). Studies have shown that moldability of fiberglass is better than soft cast. However, the moldability of plaster is better than both fiberglass and soft cast. After the application of the harness, a radiograph needs to be performed to confirm that the femoral head is in the right position, and after few weeks US should be done to confirm the stability of the hip. If the hips remain stable, the harness can be removed and then X-rays should be done at 6 months and 1 year of age to confirm the position of the femoral head in acetabular cavity. Recommendation for discontinuing the harness varies, with some recommending removing the harness after 6 weeks and others recommending weaning the use to few hours per day, for several months before removal. Use of double or triple diapers is not recommended anymore for infants less than 1 year of age. 27
Children 6 Months to 2 Years of Age
The principle at this age group is to maintain the femoral head in the usual position without damaging it, so closed reduction is done under general anesthesia in the operating room. Arthrogram may be performed at the time of reduction, to evaluate the success of reduction, and then spica cast is applied to the reduced hip, which remains on the hip for about 3 months. Failure of close reduction at this stage necessitates the need for open reduction.
Children Older Than 2 Years
Open reduction is usually required above 2 years of age, mostly by femoral osteotomy to relieve the pressure over the femoral head and to reshape the acetabulum. The patient is usually immobilized by spica cast for 6 to 12 weeks. Hypertonicity with hip stiffness after surgical treatment of DDH has been reported, and in this situation treatment can only be successful by reduction of the muscle hypertonicity by neuromuscular junction blockage. 28
Complications
Early diagnosis of DDH is important to prevent worsening of dislocation. With unstable hip, the muscles shorten and readjust their attachment to the bones, and the femoral head remains in the dislocated position. Other consequences of the dislocated hip affect the femoral head. The femoral head will change in shape and cause dysplasia. If the dysplasia is left untreated, it may result in (a) gross shortening of the limbs and waddling gait, (b) lower back pain, and (c) premature osteoarthritis on the affected site. Total hip arthroplasty remains the standard of care when end-stage osteoarthritis leads to significant pain and loss of function.
Conclusion
Developmental dysplasia of hip is one of the most common cause of disability in children. Female gender, family history, inadequate fetal mobility, swaddling, and genetic factors are the main risk factors for this. Current standards of care and published guidelines suggests that all children should receive standard recommended clinical examination of their hips immediately after birth and at each scheduled well child visit till 1 year of age. Children who have indeterminate findings or increased risk factors with normal examination should undergo imaging with ultrasonography at age 3 to 6 weeks depending on risk factors present or plain radiographs at 4 to 5 months if reliable ultrasonography is not available. Those who are found to have unsteady hips on clinical examination and abnormal findings on radiographic evaluation, either on ultrasonography or plain radiographs, should be referred to an orthopedist for evaluation and determination of appropriate management as early as possible. The current gold standard treatment is the Pavlik harness. If detected late, open reduction is needed to correct the dislocation. Failure to treat early may lead to shortening of limbs, osteoarthritis, and chronic low back pain, which might need arthroplasy.
